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TITLE: “INTERFERONS WITH NOVEL CYSTEINE PATTERN"

A A N A e e

SPECIFICATION

Background of the Invention

1. Field of the Invention

This invention describes the use of recombinant DNA
technology for the design of novel interferon molecules. These
novel interferons comprise the amino acid sequence of humaﬁ
beta interferon modified by the addition or deletion of one or
more cysteine residues "thereby changing the disulfide_'

cross-linking characteristics of the interferon.

2. Description of the Prior Art

INTRODUCTION

The novel feature of the invehtion described below is that

- the coding sequence of the human interferon beta gene

(BEulFN-B) has been changed at specific points, by the process
of site directed mutagenesis, 40 induce novel amino acid

arrangements.

Specifically the number and arrangement of cysteine
residues has been altered to produce a pattern analogous to
that observed in the human interferon-g (HulFN~s) family.
The novel arrangement.is expected to impose an IFN-g-like

tertiary structure on the IFN-p protein sequenhce and hencé

:léad to novel properties of the molecule.

.
HY
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The alpha and beta interferons, specifically Buman

IFNul; (D) and Human IFN-B have been shown to be

structurally re1a£ed. They are 459 homologousvat the
nucleotide level and 29% homologous at the amino acid level
(Taniguchi et al., Nature 285 547 (1980). Sternberg and

Cchen (Int. J. Biol. Macromol. & 137 (1982)) have produced a
model suggesting the o and B interferons' tertiary

structure may.be similar. Disulfide bonds are known to
influence both tertiary prptein structure and siability. The
tertia?y structure of the Human IFNa has been shown to be in
part dependent upon the disulfide linkages (Wetzel et al. UCLA
Symp. Mol. Cell Biol. 1982, 25, 365-376)

The interferons are a class of proteins that occur in -
vertebrates and function as biological regulators cf cell
function which include increasing resistapce to pathogens,
limiting cell growth and modulatiﬁg the immune system. The
most studieé property of the interfe;ons.is their ability teo
convert cells inteo an "antiviral" state during which they are’
more resistant to virus replication (Lengyel, Annual Review of
Biochemistry, 51:251,1982). '

In addition to conf;g;ihg antiviral resistance on target cells,
interferons (IENs) ﬂave both immunomocdulatory and
antiproliferétive pfﬁperties (Stewart, 1879, The Interferon
System, Springer, Berlip)...The IFNs, by virtue of their

antigenic, biological and physico-chemical ptcperties, can be
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grouped into three classes: Type I, IFN-a ("leucocyte") and

" IFN-R ("fibroblast™); and Type II, IFN-¥ ("immune")

(Stewart et_al., 1980, Nature, 286, 110). Detailed
information is now available on the virus-induced, acid stable
1FN-a and IfN-B and the mitogen-induced IFN-¥.. All three

IFN cDNAs have been cloned from their respective induced mRNAs,
the DNA sequenced znd their potentizl protein sequences deduced
{Taniguchi et al., 1979, Proc; Japan Acad. Ser. B 55,

461-469; Houghton et al., 1980, Nucleic Acids Res. 8,
2885-2894; Nagata et al., 1980, Nature, 284, 316-320; Nagata
et al., 1980, Nature, 287, 401-408; Goeddel et al., 18B1,
Nature, 290, 20-26; Gfay et al., 1882, Nature, 285,

503-508). I1FNs-a and IFN-8 hazve been purified to

homogeneity and.the partial protein secuences obtained confirm-
the derived IFN-B sequence and éhe sequences of some
recombinant IFN-z's (Allen and Fantes, 1980, Nature, 287,
408-411; Knight et al., 1980, Science, 207, 525-526; Stein et
al., 1980, Proc. Natl. Acad. Sci, USA, 77, 5716-5719; Zoon et
al., Science, 207, 527-528). The cysteine at the 17 position
of beta interferon has been replacéd by serine (R. O0'Connell,
Genetic Technology News, 3: 2, July 1983, Eurcpean Patent

Application 83306221.9)

Human IFN-o is specified by a multigene famiiy comprising at
least 14 different genes, with at least 3 additional
pseudogenes and 4 other genes known to hybridize, but not vet
secuenced (Weissman, 1982, 11th Annual UCLA Symposium on

Molecular and Cellular BRiology). In contrast, there is-only
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one well characterised human IFN-f gene (Owerbach et al.,
1981, Proc. Natl. Acad. Sci, USA, 78, 3123-3127). The IEN=-Y
gene differs from IFNs-¢ and - by having three inérons and
thus displays another.distinction between the Typg I and Type

II IFNs (CGray and Goeddel, 1982, Nature, 298, 859-863).

Homologies exist between members of the human IFN-¢ multigene
family, and between human IEN-s and IFN-f genes. It

sppears that IFN-c and IFN-f genes are the products cof an
ancient gene duplication, and perhaps §iverged early in
vertebrate evolution (Taniguchi et al., 1980, Nature, 285,
547-549). In contrast, the IFN-o multigene family seems to
have divergedlmuch more recently, perhaps within the last 26
miliion years (Miyata & Hayashida, 1952, Nature, 285,. 165-168).

While the mechanism of action of interferons is not completely
undefstood, certain physiological or enzymatic activities
respond to the presence of the interferons. These activities
include RNA synthesis and protein synthesis. Among the enzymes

induced by interferons is (2’-5')(A)n synthetase which is

activéted by double stranded RNA. This synthetase generates
2'-5' linked oligoadenylates from ATP which activates a latent
endoribonuclease, RNAse L, which cleaves single stranded RNA
such as messenger RNA (mRNA) and ribosomal RNA (rRNA).
Interferon induces a protein kinase which phosphorylates at
least one peptide chain initiation factor and inhibits protein

synthesis (Lengyel, ibid p. 2353)
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Interferons have been shown to be negative growth regqulators

~ for cells by regulation of the (2'-5')An synthetase activity

(Creasey et al., Mol. and Cell Biol., 3, 780,786 1983).

IFN-B was indirectly shown to be involved in the normal
regulation of the cell cycle in the absence of inducers through
fhe use of anti-IFN-f antibodies. Similarly, interferons

have been shown to have a role in differentiation (Dolei et
al., J. Gen. Virol 46: 227-236, 1980) and in immunomodulation

(Gresser, Cell. Immunol. 34: 406-415, 1977).

Interferons may also alter methylation patterns of ﬁRNAs and
alter the proportion of fatty acids in membréne phéspholipids,
thereby changing the rigidity of cellular membraznes. These and
othgr mechanisms may respond to interferon-like molecules in '
varyihg degrees depending upon the structure of the
interferon-like polypeptide. t is envisaged that an IFN-§
with an IFN-ea disulfide ﬁattern may display.a new

advantageous phenotype. For example, IFNs which show a greater
antiviral to antiproliferative activity (and vice-versa) or
have an enhanced activity/specifici£y against a particular

virus infected tissue or transformed cell mass.

Increased stability is an expected result of the creation of
new disulfide bonds. Stzbility is defined as increased '
resistance to denaturation, proteolytic enzymes and other

physical or activity changes. The increase in stability

El
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results in improved recovery during production, increased

storage life and prolonged activity in solution.

The design and synthesis of new interferon-like polypeptides
composed of beta interferons with alpha interferon disulfide
pattern may allow the selective activation of only part of
normzl interferon-induced activities. These hybrid
polypeptides could then be used appropriztely to activate thé
interferon systems. In addition, the affinity of these
modified interfercﬁs for cell surface receptors may differ from
that of naturally occuring interferons. This would allow
selective or differential targeting of interferons for a

particular cell type.

Novel interferons containing a modified cysteine pattern can be
constructed for the cysteine pattern of alpha, beta cr gamma
interferons using the methods of this invention. That is, a
human alpha interferon can incorporate the cysteine patterns of
the human beta or human gamma interferons; a human beta
interferon can incorporate the cysteine patterns of human alpha
or human gamma interfefons; and a human gamma iﬁterferon can
incorporate the cysteine patterns of human alpha or beta
interferons. Similarly, a combination cysteine pattern from
two or mére interferon classes can be substituted into the

third interferon class.
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BRIEF DESCRIPTION OF TEE DRAWINGS

Figure 1 is a summary flow chart illustrating the amino acid

changes by site directed mutagenesis resulting in IFNX802, 803
and 804.

-Figure 2 illustrates the restriction map of Construction I.

Figure 3 illustrates the restriction map of Constructions Il

through V.

Figure 4 illustrates the site directed mutagenesis resulting in

IFNX802.

Fiqure 5 illustrztes the site directed mutagenesis resulting

-4

in
IFNX803.

Figure 6 illustrates the site directed mutagenesis resulting in

IFNX804.

Figure 7 illustrates the restriction map of Constructions VI,

VII and VIII.

L}
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DESCRIPTION OF THE MODIFIED INTERFERONS

Chart 1 illustrates the DNA sequence coding for th; éﬁino acid
sequence of IFNB02. 1In addition to the traditional three
letter abbreviation for émino acids, at the bottom ¢of the
figure is the one letter abbreviations recommended by the
IUPAC-IUB Commission on Biochemical Nomenclature: A, algnine;
C, cysteine; D, aspartic acid; E, glutamic.acid; F,
phenylalanine; G, glycine; H, histidine; I, isoleucine; K,
lysine; L, leucine; H, methionine; ‘N, asparagine; P, proline;
Q, glutamine; R, arginine; S, serine; T, threonine; V, véline;

W, tryptophan; and ¥, tyresine.

Chart 2 illustrates the DNA sequence coding for the amino acid

sequence of IFNX803.

Chart 3 illustrztes the DNA seguence coding for the amino acid

of IFNX804.

Chart 4 illustrates the DNA sequence coding for the amino acid

sequeﬁce of IFNX81S5.

Chart 5 illustrates the DNA seguence coding for the amino acid

sequence of IfNXSlS.

Chart 6 illustrates the DNA sequence coding for the amino acid

sequence of IFNX817.

1
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Chart 7 illustrates the DNA sequence coding for the amino acid

sequence of IFNXBIB.'

Chart B illustrates the DNA sequence coding for the amino acid
sequence of IFNX457.

SUMMARY OF TEE INVENTION

One object of this invention is the reorganization of the
position and number of cysteines in HulfFN-8 to a pattern
analogous to that found in the BulFN-s family, by the process
of site directed mutagenesis of individual nucleotides of the

HuIFN-8 coding sequence, so0 as to cause defined changes in

- the amino &cid sequenéevof the BulfN-B. The resultant

modified BulFN-p molecules show different or novel properties
£rom thazt of HulFN-B, and may show properties similar to

those exhibited by the HulFN-a family. A summary flow chart
of the construction of the modified BulFN-§ IFNX802, 803, and
804 molecules are shown in figure 1. Similarly, the disulfide
pattern and amino acid sequence of the alpha, beta and gamma
human interferons can be cémbined to form new hybrid or
modified interferons. Another cbject of the invention is to
create disulfide linkages that improve the physic;l and.
pharma;ological properties of modifiea interferens, including

stability.
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An object of the invention is the production of DNA sequences

‘coding for the production of the modified-interferons IFNX 802,

803, 804, B15, B16, 817, 818 and 457 and the amino acid

sequences themselves.

Another cbject of the inventibn is the production of a
pharmaceutical composition containing a therapeutically
effective amount of the modified-interferons which are useful
for anti-viral, anti-proliferative, anti-tumor,
immunomodulatory or immunogenic treatment. Yet anothexr object
of the invention is a method of procducing the
modified-interferons of the present inﬁention utilizing

microorganisms.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

I. Rationale for construction

- The coding sequences of the leukocyte (alpha) interferon
(IFN-¢) family are distantly related to the secuence of the
fibrobiastA(beta) interferonA(IEN-B) gene, for example the

coding sequence of BuIFN-cl-(D) is 45% homologous at the

nucleotide level and 29% homélogous at the amino acid level to

BulFN-8 (Taniguchi et al, Nature 285 547 (1980).

Secondary and tertiary structures of e¢- and §-

interferons have been derived by various computer modelling
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procedures. Sternberg and Cohen (Int.J.Biol.Macromol. 4 137
(1982)) have produced a model for interferon tertiary structure
applicable either to alpha or beta interferon, suggesting that

the in vivo structures of each type of interferon are similar.

.‘Human interferon zlpha's have been shown to _contain four
cysteines at positions 1, 29, ©8, 138.(positions relate to the

IFN-u2 (A) sequence) which have been shown to form two

intramolecular disulfide bridges with bonds between cys 1 and
cys 98, between cys 29 and cys 138 (Wetzel, Nature 289 606
(1981). BEuman interferon beta contains three cysteines, at
positions 17, 31 and 141. Positions 31 and 141 in beta have
been . considered analogous to positions 29 and 138 in the
interfercn alpha family. It has been shewn that alterﬁtion cf

cysl®l po pyrldl

abolishes interferon beta antiviral

activity. Further it has been described that pre-treatment of
BulFN-B with the reducing agent dithiothreitol abolishes
antiviral activity (Shepard et al, Nature 284 563 (1%81) ).
These observations have been taken to show that a disulfide

bridge between cys 31 =--- 141 is essential for the activity of

HulFN-B8.

The chteine substitutions in the modified interferons may be
in the analogous position of another interferon or in the same
sequential amino acid position. From the same segquential

position, the cysteine may be moved 1 to 4 amino acid positions

toward either end of the polypeptide replacing the amino acid
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normally in that position. Therefore, the cysteine substituted
for the third amino acid'of human beta interferon may be
alternatively substituted at amino acid positions 1, 2, 4, 5,
6, or 7. Similarly, the cysteine substitution at position 101,
may also be at positions 97, 98, 99, 100, 102, 103, 104, or
105. These alternative position substitutions result in an

altered stress level on the disulfide bond formed.

11. Outline of the technicue of site directed mutagenesis

Site directed mutagenesis, using ocligonucleotides to
produce defined seguence alterations is perhaps the most

specific means of producing mutants in vitro.

The background to the method involved is reviewed in Zoller
and Smith (Nucleic Acids Res. 11(20) 6487 (1982) ), which also

details many of the technical aspects of the methodology.

To summarise the procedure, the desired nucleotide
change(s)'are identified and an oligonucleotide constructed
vhich is complementary to the region 5' and 3' to the
nucleotide of interest. At this position the nucleotide used
is that which will be complementary to the desired mutation
(e.g., Figures 4-6). Thus when the oligonucleotide is annealed
to the coding sequence a mismatch occurs at the point 6£

interest.



10

15

20

0146413

- 13 -

In order to produce the coding strand in a single stranded

form the most practical means is to introduce the sequence into

a bacteriophdage which has both double stranded and single

stranded DNA phases during its life cycle. Two phages commecnly
used are ¢x174 and M13. The bacteriophage M13 was used in
this method.

After annealing of the cligonucleotide to the secuence to
be mutated, closed circular molecules are transcribed and
ligated. The complete molecules may be separated from
incomplete transcripts either by separation on 2lkaline sucrose
gradients (Zoller and Smith, 1982) or by electrophoresis and
elution from low gelling temperature agarése. The latter
technique has the advantage that subsequent transformation of
the DNA into competent E.coli JﬁlOl cells can be done in the
presence of the agarose, as will be described, so reducing the

number of manipulations.

Prior to separation of transcripts, by whichever means,

incomplete transcripts may be degraded by S1 nuclease to

allow greater resolution during the separation stage. After
transformation a population of mutant and wild type molecules
are cbtained which méy be distinguished by one of a number of

screening techniques.

For example, the desired change may introduce or delete a

restriction endonuclease site which can be easily detected.
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Alternatively, the difference in Tm (point of 507

irreversible melting) of hybrids formed between the
oligonucleotide primer and either the original sequence of the
mutant sequence can form the basis of a hybridization screening

procedure (e.g., 2oller and Smith, 1882).

In order to increase the yield of mutants, the pool of
transformed cells can be used to prepare a mixed pépulation of
single stranded (ss) DNA molecules. These can then be used as
a template for a further round of énnealing/transcription.under
conditions favouring the annealing of the oligonucleotide to

the mutant seguence rather than the criginal sequence.

The DNA sequences illustrated in Charts 1 to 8 illustrate
one preferred example of a DNA seguence that will code for the
synthesis of the modified interferon amino ac;d sequence
illustrated on the same chart. The genetic code (Lehninger,
Biochemistry, Worth Publishing p. 962) will allow the design
and synthesis (Nucleic Acids Research 11 477, 1883) of
additional DNA sequences which also code for the amine acid
sequences described in Charts 1 to 8. Such additional

sequences could also be utilized in the plasmids pJAl, pJA2 and

-pJA3 to produce the modified-interferons of the present

invention.
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1. Constructions

TABLE 1
NOMENCLATURE FOR CONSTRUCTIONS

PRODUCT
CONSTRUCTION TRIVIAL NAME IDENTIFICATION
1 M13-1RB-00 HuIEN-B
11 M13-4AB-00 BuIFN-8
111 | mJAl HuIEN-X802
v mIA2 - .~ HulEN-XB803 -
v mIA3 HuIFN-X804
Vi pJAl BulFN-X802
viI pJA2 HuIFN-X803
VIII DJA3 HuIFN-X804

M13 is a bacteriophage, a bacterial virus, more
particularly, a so-czlled "filamentous phage', which infects

male Escherichia coli (E.coli) cells. Unlike many

bacteriophages, the DNA found in the virus or phage particle i;
single stranded (ss DNA). Upon infection of an E.coli cell,
the ss DNA is converted to the corresponding double stranded
form (ds DNA) and amplified, under suitzble conditions of
growth, to, for example, from 200 to 300 copies per cell. The
phage-infected cells do not lyse releasing the new phage
particles, but continue to grow and divide, although at a

reduced rate. This may be seen on agar plates as a lighter
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area, a "plague", of slower-growing cells against a backcroung

of uninfected cells.

The ds DNA is also térmed the "replicative form" (RF).
This is comparcble to a bactexiai plasmid and may be used as a
cloning and expression vector. The RF is central to the phage
multiplication process. It is the template for ss DNA
synthesis and for expression via protein biosynthesis cf'Ml3
phage genetic information. The former procgséfproduces phage
particles and the latter allows the synthesis of phage proteins
which zre recuired to direct infected Eells.to procuce further

phage particles.

wild typé M13 has previously been modified for use as a
cloning vehicle by the.inserticﬁ of a fracgment of E.coli DNA
containing the lactose operon control region (lac promoter)
and éoding information for an active B-galactosidase
(B-gal) in a non-essential region of the phage DNA. When the
lac promoter is active, the expression cf f-gal cccurs and
this is detected by a2 simple blue colour reaction in the
infected cells. However, the cloning of DNA fragments
generally results in the interruption of the lac Z gene and
hence in colourless placues due to the failure ofls-gal

expression. Thus, recombinants may be detected visually.

For example, U.K. Patent No. 1,588,572, which is directed
to the production of filamentous hybrid phages, is

representative of the stage of the art outlined above.
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The known system allows the cloning of different-sized
fragments of foreign DNA and the identification of recombinant
clones without relying on the use of antibiotic resistance
genes; Also, it allows the possibility of easily purifﬁing
phage ss DNA for use in recombinant characterisation and DNA

sequencing, and site directed mutagenesis.

The knovn bacteriophage M13 mp 701 may be regarded as a
starting péint for the present invention. This vector, which
is freely available, was ccnstructed frém M13mp7, which is
commercially available, by known methods. Similarly, M13mp7
was in turn censtructed from M13mp2. Reference may be made in
this connection to, for example, Messing, J., et al,

Proc.Natl.Acad.Sci.U.S.A., 74, 3642. {1877).

The plasmids pJAl, pJA2 and pJA3 in E coli K12 strain
EB101 have the following ATCC designations; 39520, 39521 and
39522.

The American Type Culture Collection (ATCC) is located at 12301
Parklawn Drive, Rockville, MD 20852 USA.

Example 1

Construction I (M13-IRB-00, BulFN-B)
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Recloning of a human fibrocblast interferon gene plus trp

_ promoter to give M13-1RB-00 (see Fig. 2):

A 1172 bp DNA fragment containing the trp promoter followed

by the mature HulFN-B, gene bounded on the left by an

EcoRl site and on the right by a Bam HI site (GB Patent
Application No. 2,068,970) was recloned between the EcoRI and

Bam HI sites of phage M13 mp 701 as follows:

The joining of the EcoRI-Bam =1 fragment containing the

HuIFN-B1 gene to the EcoRI-Bam HI digested M13 mp 701

vector was performed in an incubation ef 50 ul containing:
0.25 ug vector; 0.9 ug EcoRI-Bam BEI cut pl/24 (GB P
Approximately 8% of plagues on each plate were colourless,
indicating the presenée of recembinant phages (1RB-00).
Recombinants were firmly identified by size and by nucleotide

sequence analysis, also by expression of antiviral activity.

To prepare sufficient ss DNA for nucleotide sequence
analysis, colourless plagues were picked and added to 2.5 ml ¥T
mediﬁm containing 25wl of a dense, overnight culture of
E.coli K12 JﬁlOl. Phage was grown by aeration for S hours at
37°C and th; ss DNA purified by known methods, (see, for
example, Sanger, F., et al, (J. Mol. Biol., 143, 161, 1280).
The ss DNA was used as the template for dideoxy sequencing,
(see, for example, Sangef, F., et al, Proc. Natl. Acad. Sci.

U.S.A., 74, 5463, 1977). For exzmple, the presence and

H
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sequence of the trp promoter and the presence of the
EuIFN-Bl gene was established with an oligonucleotide primer,
IFIA (GB Patent Application No. 2,068,970) which is known to

prime in the HulEN-B coding region.

Example 2

Construction 1I1. (M13-4AB-00, HulEN=§)

Deletion of the lac promoter from M13-1RB-00(I} to give a
recombinant capable of expressing mature HulFN-B under the

contreol of only the trp promoter, II = M13-4AB-00) (See Fig.

3).

- Construction of this clone Qas achieved by excision of a2
406 bp Ava I-EcoRI fragment as follows: Ava I-EcoRI double
digestion was effected in 100 1l containing: 10 uwg ds DNA
prepared from construction I, (see, for example, Birnboim,
H.C., &nd Doly, J., Nucl. Acids Res., 7, 1513, 1978), 6 mM

Tris-HC1, pH 7.5, 10 mM MgCl,, 6 mM 2-mercaptoethanocl, 30 mM

NaCl, 15 units Ava I and 15 units EcoRI for 90 minutes at
37°C. The DNA was precipitated by the addition of 20 g
tRNA; 0.3 M NaAc, pH 4.5 to 0.3 M final concentration and 0.3
ml ethanol for 10 minutes at -70°C. Repair of protruding
5'~ends, with'DNA polymerase, was then done in a 50 yl final

volume.
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To "£ill-in" protruding 5'~ends, the DNA fragments were
repaired in vitro with DNA polymerase 1 (Klenow fragment) in a
50 ul reaction containing lug DNA in 10 mM NaCl, 50 mM

Tris-HCl, pE 7.8, 10 mM Mgc12, 1 mM 2-mercaptoethanocl, 0.2 mM

each decxynucleoside 5'-triphosphate, 20 ug/ml. bovine serum
albumin, 0.2 mM each deoxynucleoside 5'-triphosphate, and 1
unit of Klenow enzyme for 20 minutes at 14°C in a volume of 50

31, then for 10 minutes at €5°C.

The repaired DNA was self-ligated in a 50ul incubation
containing 5 ul of the above incubation (equivalent to 0.1

ug DN2), 66 mM Tris-HC1, pH 7.5, 5 mM MgClz, 20mM DTT, 1mM

ATP, and 4.5 units T4 DNA ligase for 17 hours at 25°C. Uptake

of DNA into CaCl -trgated E.coli Ki2 JM101 and plating cut

2

of cells for plaques was performed using standard methods.

The identity of the new clone (M13-4AB-00) was confirmed by

'Tag I restriction analysis.

Example 3

Construction JII (mJAl), BulFN-X802)

Alteration of Buman Interferonp (BulFNf) amino acid 3
(tyrosine) to cysteine, to give mJAl. (See Figs. 3 and 4 and

Chart 1)
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A tetradecamer of the sequence 5' OH-AGT TGC AGC TCA TG-OH
(Fig. 4) was constructed using sténdard phosphotriester
chemistry; Reference: Nucleic Acids Research 11 477 (1983).
This sequence is complementary to the seguence 5'C ATG AGC TAC
AAC T which consists of the nucleotide preceding the initiator
ATG followed by the first 13 nucleotides of the coding sequence
of Human IfN-f - (GB Patent Application No. 2,068,970) with
the exception that the 6th nucleotide of the. primer, numbered
from the 5' end corresponds to the complement of the desired
mutation. This mutation will change the nucleotide A at

position 8 of the coding sequence to a G.

Specific priming of the synthetic oligonucleotide to the

regién vhich was to be mutated was observed by the follewing

procedure. First the oligonucleotide was labelled with [32P]
at the 5' terminus. 10 pmole of oligenucleotide was incubated
in a total volume of 50 yul éonsisting of 50 mM Tris-ECl pH '

7,6, 10 mM MgClz, 0.1 mM EDTA (ethylene diamine tetra acetic
acid), 10 mM dithiothreitel, 0.1 Mm spermicdine, 50 uCi

[5-32p] ATP (5000 Ci/mmole, Amersham) and 5 units of
polynucleotide kinase. The reaction mix was incubated at 37°C

for 60 minutes, followed by 65°C for S minutes. The

oligonucleotide was separated from uniqcorporated [1-32P]'
ATP by differential elution from a column of Whatman DES2 ion
exchange resin (0.3 ml bed volume). 7The oligonucleotide was
eluted in 0.5 M NaCl, 10 mM Tris ECl pH 7.5, 1 mM EDTA, 20 ug

E.coli tRNA was added and the oligonucleotide was precipitated
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at =70°C after the addition of three cclumes of ethanol. The
oligonucleotide was redissolved in 8 ul of 10 mM Tris ECl1l pE
7.5, 1 mM EDTA.

5 pmoles of [32P] oligonucleotide were annealed to 0.5
pmole of M13-42B-00 in a total volume of 5 ul of 10 mM NaCl,

40 mM Tris-BEC1 pH 7.5, 20 mM MgClz, 2 mM 2-mercaptoethanol,

by heating at 80°C for 5 minutes followed by incubation at 20°C

for 1 hour.

The samples were adjusted to 67.5 mM NaCl, 45 mM Tris-HCL
pPE 7.5, 25 mM_MgClz, 1 mM Z-mercaptoethanol, 82 uM each of

dATP, GCTP, dGTP, dTTP and 0.5 unit of the 'Klenow' fragment of
DNA Polymerase I (BRL Inc.) in 2 final volume of 15 ﬁl. The
samples were incubatedvat 25°C for 4 hours. The samplés were
diluted eight fold with 10 mM Tris-ECL pH 7.5, 1 mM EDTA,
heated to 65°C for 5 minutes, adjusted to 0.3 M Na acetate pH
4.6 and finally the nucleic acid was precipitated with three
volumes of ethanol at -70°C for 15 minutes. In order to
identify specific priming products the samples were digested
with fhe enzyme EcoRl and the'products separated by
electrophoresis through a 7M Urea, 6% Acrylamide, 0.3% Bis
(NN'-methylene bisacrylamide) gel prepared in 135 mM Tris-BCL

pH 8.8, 45 mM Na borate, 1 mM EDTA.

A specific transecriptiocn product of 150 bases was

identified which corresponds to the instance between the

2
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upstream E.coli site in 4AB-00 and the 5' end of the

oligonucleotide, given specific priming.

Formation of complete clesed circular molecules was
achieved as follows: The oligonucleotide was phosphorylated as

described earlier except that ATP at 1lmM final concentration

replaced the [!-32P] ATP. The oligonucleotide was annealed
as described earlier except that a primer tovtemplate ratio of

100 was used (50 pmole oligonucleotide per 0.5 pmole template).

The transcription and ligation of the product was performed
as follows: 10yl of anealed primer-template, containing 0.5
pmole of template and 50 pmole of primer in 100 mM NaCl, 40mM

tris-HC1 pH 7.5, 20mM MgCl,, 2mM 2-mercaptoethanol was

adjusted to a volume of 20ul containing 20uCi [u32P] d
ATP (2000ci/mmole) 250uMm each of dATP, 4CTP, AGTP, 4TTP, 0.8

unit of Xlenow DNA polymerase I, 2 units '1‘4 ligase (BRL Inc.)
in 67.5mM NaCl, 45mM Tris pH 7.5, 25mM MgClz, 1mM

2-mercaptoethancl. After 30 minutes at 22°C dATP was added to
250uM and a further 0.8 unit of Klenow DNA polymerase was
added. The mixture was incubated.a further 2.5 hours at 22°C.
The DNA was adjusted to 0.3M Na acetate pE 4.6, and

precipitated with three veolumes of ethanol at -20°C overnight

{16 hrs).

Incomplete transcripts were digested with S1 nuclease as

follows. The DNA was incubated for 30 minutes at 25°C in a
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solution of 300mM NaCl, SmM ZnClz, 30mM Na acetzte pH 4.5 zt

an initial template concentration of lnM in a final volume of
250u1. Sl nuclease was added at the rate of 1 unit per 0.01

pmole of initial template.

The products were added directly to 0.4 nmls of competent
E.coli JM101 =zt 0°C. After 40 minutes the cells were heat
shocked for 2 minutes at 42°C then diluted into 20 ml of YT
broth (8g trypténe, 5g yeast extract, 5g NaCl per litre) at
37°C. The cells were grown at 37°C for 16 hours. The cells
were pelleted by centrifugation and phage in the supernatent

were stored in 60% glycerol at -20°C.

Dilutions of phage were plated on indicator cells and

plates containing 2-400 plagues were used to mzake

nitrocellulose replicates for hybridization, using the [32P]
phosphorylated oligonucleotide as probe in a manner similar to
that of Benton and Davis (Science 196, 180, 1877). Filters
were prewashed in 6 x SSC at 40°C for 3 hrs and hybridized
using 300ul of a solution of 6 x SSC/10 x Denhardts/0.1% SDS
contgining primér at.400pM for 16 hrs at 40°C, under paraffin
0il [1 x SSC = 0.15M. NaCl; 0.015M Na citrate, pH 7.2. 10 x
Denhardts = 0.2% Bovine Serum.Albumin (BSA); 0.2Y% polyvinyl
pyrollidone (PVP); 0.2% Ficoll]. Filters vere washed in 6 X

SSC/0.1% SDS at 15°C, with six changes of five minutes each.

:
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Fifty plaques which showed hybridization above background
were picked into 50ul each of LTB (10mM Tris-BEC1l pH 7.5, 20mM
NaCl, lmM EDTA). Cellular debris was spun out and 1lul of
supernatant for each placue was spotted onto a lawn of E.coli
JM101 which had been allowed to grow for 60 minutes at 37°C.
After overnight growth large plagues were formeé on the lawn of
E.coli JM10l. Nitrocellulose replicates were again taken and
hybridised as above. Nineteen of the 50 plagues showed
hybridization above control levels. These were rescreened
exactly as described above. Six were taken for further
analysis by DNA sequencing. As the desired change was A to G,
the coding strand was analysed by 5'end-labelling followed by
the G reactions of the Maxam and Gilbert chemical degradation
sequencing technique (Maxam and Cilbert, Methods in Enéymology.
Vol 65 (1), p 429, 1280) while éhe non-coding strand was
analysed by 3'end-labelling followed by the 'C' reaction of the
Maxam and Gilbert technique. Thus mutants would exhibit an
extra G in the coding strand and an extra C in the non-coding
strand compared to parallel reactions on the parent
M13-42B-00. The DNAs were therefore digested with either Hind
III to produce staggefed ends for.3' labelling, or HEpa I to

produce a blunt end for 5' labelling.

After labelling the fracments were digested with Bgl I1I to
separate the lsbelled ends. The required fragments were
isolated by electrophoresis on a 10% Acrylamide/D.33%

bis-acrylamide gel in 135mM Tris-HCl pH 8.8, 45mM Na borate,
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imM EDTA. The fragments were electroeluted and concentrated on
2 0.3ml Whatman DES2 ion exchange resin column prior to DNA
sequencing. All six clones showed the desired change. Two of
the clones were picked and tested to show that the gene product

was still antivirally active.

Interferon anti-viral assays were performed on extracts of
M13 infected or plasmid transformed cells as follows: Fifty
200ml. cultures in tryptophan-free minimal medium plus glucose
were harvested at an optical densiiy (600 nm) of 0.6-0g by
centrifugation at 10,000 rpm for 10 minutes. The cells were
then frozen at =-70°C, thawed in the presen&e of 2.5-5.0ml of
15% (w/v) sucrose; SO mM Tris-EC1, pH 8.0; 0.1% (w/v) human
serum albumin and 2.5 mg lysozyme, then incubated at 20°C for
15 minutes with shaking. The céll debris was removeé by A
centrifugation at 15,000 rpm for 20 minutes and the supernztant
was further clafified znd sterilised by filtration throuch a
0.22 um pore dizmeter nitrocellulose filter. Finally the
extract was assayed for anti-viral activity by monitoring the
protection conferred on Vero (African green monkey) cells
against the cpe (cytopathic effect) of EMC
(Encephalomyocarditis) virus infection in an in vitro
microplate assay system (see, for example, Dahl, H., and Degre,

M., Acta. Path. Microbiol. Scan.. 1380, 863 1972).

Similar levels of antiviral activity to that shown by the

parent were observed. Single~-stranded phage DNA was isoclated
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from one clone by established procedures, to act as template

for construction IV.

Example 4

Construction IV (mJA2, BulFN-X803)

Alteration of mutant interferon B (mJAl) at amino acid

101 (valine) to cysteine, to give mJA2. (See Figures 3 &nd 5
and Chart 2).

An octadecamer.of sequenée.S' OH-CTTCCAG&CATGTCTTCA-OH 3!
(Fig. 5) was constructed using phosphotriester chemistry, as
for Construction III. This sequence is complementary to the
sequence 5'TGAAGACAGTCCTGGAAG.3' which comprises nucleotides

294 to 310 of the IFN-B1 coding segquence (see published GB

Patent Application No. 2,068,970) with the exception that the
9th and 10th nucleotides of the oligonucleotide, numbered from
the 5'end, correspond to the complement of the desired
mutations. ~Thus the desired chénées will be £from G at

nucleotide 301 of the coding sequence to T, and from T at
nucleotide 302 to G.

Specific priming was demonstrated exactly as for mJAl. The
specific product was identified as a 348 base fragment after
digestién of the transcription products with Hpa I and

electrophoresis as previously described.
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Formation of closed circular molecules, ligation,
transfection were as described from Example 3. ©Phage DNA was
prepared ftém the total pool of transformants &and Qsed as a
template for reannealing of the primer, transcription,

ligation, S1 nuclease treaztment, and transfection as

.deseéribed, except that in the s1 reaction the conditions were

chznged to encourage digestion at the mismatch between parent
template and primer, so enriching for mutant closed circular

molecules in the population. The reaction therefore was

_performed in 300 ul of 100 mM NaCl, 30mM Na acetate Ph 4.5,

EmM Zncl and containing 0.8 pmole ef initial template and 2

units of S1 nuclease.

Phage DNA was prepared from the total pool of transformants
and the enrichment stage was repeated again exactly as above.
50 plagques from the second round of enrichment were grown in
1ml (YT medium). 2ul of each suspension was spotted directly
onto nitrocellulose and hybridised as above. Three positive
plagques znd two negztive plaqgues were rescreened. Phage DNA
was prepared and concentrated by pelyethylene glycol (PEG)
precipitation. Phage were resuspended in 50ul of LTB,
representing a 300 fold concentration. 24l of each

suspension was spotted onto nitrocellulose and hybridised with

[32P] phosphorylated primer as described above.

Hybridization confirmed the three positive placues. The
presence of the desired change was confirmed by DNA sequencing

(Maxam and Gilbert). Single stranded phage DNA was prepared by
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established procedures. A short cligomer complementary to the

sequence coding for amino acids 114 to 117 of the B sequence

was prepa;ed and phosphorylated using [3-32P] ATP as
described previously. This was annealed«to the phage DNA as
described and short transcripts produced which were cleaved
with Pst 1. A band of 213 b. corresponding to the specific
priming product was isolated on a 7M urea, 89 Acrylamide 0.2%
Bis-acrylamide 135mM Tris-HC1 pH 8.8, 45mM Na borate, 1lmM EDTA
gel. The fragment was electroeluted and the DNA sequenced
ueing the Maxam and Gilbert technique. The DNA sequence
cenfirmed the desired changes (Fig. 5, 6). One clone was
picked a2nd tested to show that the gene product was still
antivirally active as described earlier. This clone was used

as a template for constrpction V.

Example S

Construction V (mJA3, BulFN-X804)

Alteration ¢of mutant human interferon £ (mJA2) at amino

acid 17 (cysteine) to serine to give mJA3 (See Fig. 3 and 6 and
Chart 3).

A hexadecamer of sequence 5'OH-CTGACTCTGAAAATTG3' (See Fig.
6) was constructed using phosphotriester'chemistry, as for
Construction III and IV. This sequence is complementary to the
secquence 5'CAATTTTCAGTGTCAG3' which comprises nuclqtides 39 te

54 inclusive of the IFN-B conding seguence (see published GB
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Patent Application No. 2,068,970) with the exception that the
6th nucleotide of the oligonucleétide, numbereé from the
5'end,, corresponds to the complement of the desired mutatién.
Thus the desired change will be from T to A at nucleotide 49 of

the coding sequence.

Specific priming was demonstrated as for Example 3 and 4.
The specific broduct was identified as a 187 base fragment
aftef digestion of the transcription products with EcoRI and

electrophoresis as previously described.

Formation of'closed circular molecules and ligation was as
described for constructions 1II and IV. Closed ciréular
mdlecules vwere separated from incomplete products by,
electrophores;s throuch 1% loy leting temperature agarcse in
67.5 mM Tris-HCl pHS8.8, 22.5mM Na borate, O0.5mM EDTA, lug/ml

ethidium bromide without prior s1 nucledse treatment. The

region corresponding to closed circular douwble stranded full
length molecules was visualised under long wave (366nm)
transillumination, cut from the gel and melted at 60°C for 5
minutes. A volume correspending to 0.3 pmole of double
stranded product was used to transfect E.coli JM1O1 by
established procedures. The transfected cells were plated out

in top agar directly. After overnight growth, nitrocellulose

replicates were taken and hybridized with [’221
phosphorylated primer as described. The hybridization

temperature was 42°C for 36 hours. E.coli DNA (10 pg/ml,
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heat denatured) was included in the prehybridization solution.

Finally, the filters were washed at 44°C in 6 x SSC.

The 24 plagues which showed a signal zbove background were
picked and grown for 6 hours in lml ¥T broth containing 25yl
of log phese E;coli JM10l1. The cells were removed by
centrifugation and the phage in solution were concentrated 80
fold by PEG precipitation, to a final Qolume of 10ul. 4ul’

of each was spotted onto nitrocellulose and hybridized using

the [32P] primer. About 50% of the spots showed a signal
greater than the background level. Pouerf ;he positive phage
were further plaque purified; Phage was isolated from
distinct, positively hybridizing plagues and the d&sDNA
replicative form (RF) prepared. The presence cf the desired

change was inferred by the appearance ¢f a novel Hinf 1 site.

' The desired change, T to A, introduces the sequence 5' GAGTC

which is a recognition sequence from the enzyme EHinf I. The
presence of the site causes a Hinf I fragment of 197 base
pairs in the parent RF to be cleaved to two molecules of 16S

and 28 base pairs in the mutant RF.

Thus 5ug of RF was digested with 12.5 units of Einf I in

a total veolume of 500ul of 6mM Tris-HC1 pH 7.5, 6mM MgC12,

émM 2-mercaptoethanol, 50mM NaCl. for 16 hours at 37°C. The

fragments were 1abelled et their’ 3 ends with [ u?] dATP as

¢ ..

the restrict;on enzyme cleaves between the G and A of the

recognztlon s;te. Thus the reactzen cons;sted cf 0.4 pmole of
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DNA, 20uCi [a-azP] dATP (2000Ci/mmole) and 2 units of
Klenow DNA polymerase I in 50ul of 6mM Tris-HCl1l pH 7.5, 50mM

NaCl, 6mM MgCl,, 7mM mercaptoethanol, at 25°C for 60

minutes. The fragments were separated on 10% acylamide, 0.33Y%

Bis-acrylamide, in 135mM Tris-HCl1 pH 8.8, 45mM Na borate, 1lmM

EDTA. All of foutr plaques analysed showed the desired
restriction pattern indicating the desired mutation had been

induced.

Exzmple 6

Constructions V1, VII, VIII

Vi: pJAl, HulFN-X802
ViI: pJA2, HulFN-X803

VIII: pJA3, BulFN-X804

Subcloning of mutant B constructs into pMN39-1l. (See
Fig. 7).

Plasmid pMN39-1 consists of a deletion of 434 bp between
the Bgl 11 and Bam HI site of plasmid pl-24. pMN39-1
therefore contains the natural BulFN-f gene under trp
attenuator minus control. The trp control region and 161
amino acids of the IEN-B, gene are present on a 621 bﬁ
EcoRl/BstEII fragment. This fragment can be removed and
replaced by the analcgous fragments from mJAl, mJA2 or mJA3 ;o

produce pJAl, pJA2, pJA3 respectively. These constructs would
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thus represént_the mutant HulEN- genes under trp control on
a hich copy number plasmid also coding for the B-lactamase
gene so allowing selection by conferring ampicillin resistance

on a transformed E.coli cell.

In order to achieve the subcloning RF from mJAl, mJA2,
mJA3, and closed circular plasmid pMN39-1 were digested with
the enzymes EcoRI and BstEII. One pmole each of mJAl, mJA2
end mJA3 were digested with 10 units cf BstEII for 16 hours at
37°C in a total volume for each re;ction of 250ul. 2 pmole
of pMN39-1 was digested with 10 units of BstEII for 16 hours

at 37°C in a total volume of 250 ul.

The DNAs were precipitated and redigested with 20 units
each of EcoRl for 16 hours at 3§°C in a total volume of 250
ul. The digestion products were precipitated and redissolved
in 20 ¥l of 10 mM Tris-BC1l pH 7.5, 1 mM EDTA. The products
of the digestion of pMN395-1 were resclved on a 0.8% low melting
temperature agarose gel in 67.5 mM Tris-HCl pH 8.8, 22.5 mM Na
borate, 0.5 mM EDTA containing 1 ug/ml ethidium bromide. The
3303 bp EcoRl/BstEII fragment was cut from the gel and melted
at 60°C.

The products of the digestion of mJAl, mJA2, mJA3 were
resolved as above except that the agarose concentration was
2%. The 621 bp EcoR1/BstEII fragment from each digest was

cut from the gel =nd melted at 60°C.
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a volumevcalculated to contzin 0.17 pmole of the 3.3 kb pMN
38-1 fragment was mixed with a volume calculated to contain 0.4
pmole of the 0.62 kb fragment for each of mJAl, mJA2, mJA3.

The fragments were ligated with 1 unit §£ T4 ligase in a totzl

volume of 200 ul of 65 mM Tris-HCl1l pH 7.5, 5mM Mg C12 20 mM

dithiothreitol, 1 mM ATP for 24 hours at 20°C.

Fifty pl of each ligation mix was used to transform 0.3
ml of competent E.coli K12 HB10l cells by established

procedures.

Several transformznts for each ligaticn were grown and
piasmid DNA prepared by the method of Birnboim and Doly
(Nucleic Acids Res. 7 1573, 1975). The plasmid DNA was
digested with Hinfl and compared against pMN39-1 as described
for the analysis of Construction V. For pJAl and pJA2 the
digestion pattern was shown to be identical to PMN39=~1. The
Hinfl digest of pJA3 differed from that of pMN39-1 in that the
197 bp band was not present but was replaced by bands of 169

and 28 bp, as expected.
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Example 7

Antiviral properties of modified IFN-B

Antiviral assays were performed as described in the

description of the construction of mJal (Construction I111).

In the cases of constructions VI - VIIi the medium

contained ampicillin at 100 ug/ml.

Yields of interferon were obtained for constructions I-IV
as indicators that the constructs still retained biological
activity (Table 2). The ABOO was 0.4 when induced aﬁd 1.0 when
hérvasted. In 21l cases expression from the trp prémoter
could be detected in inducing cénditions. However, yields

ranged £rom ex103 to 5.3x104 Iu./L for mJA3 (Construction

11), 3.7x10% to 7.9x10% IU/L for mJAl (Construction III),

and 1.45210° to 2x10° IU/L for mJA2 (Construction IV).

TABLE 2
Experiment
No. Construct (Trivial Name) Antiviral Titre
1U/L Mean IU/L
1. PMN39-1 2.3x107 2.3x107
VI pJAl 4.8x10°)
' 6.2x10°
Vi paal 7.6%10°)
VII pJa2 1.14x10%)
1.2x20°

VIl  pJa2 1.33x10%)
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2. PMN39-1 3.5.10°
VI  pJA2 6.65x10°
3. pMN39-1 6.35x10°%
5
VI pJAZ2 3x10
6

VIII pJA3 2.1x10

The antiviral titres of the plasmid constructs VI to VIII
have been investigated. Experiments (Table 2) indicated a
reduction in the titre compared to the pérental plasmid
pMN38-1. In particular the Ato G alteratioﬁ from pMN39-1 to

pJAl results in an apparent drop in the titre of more than one

order of magnitude.

SUMMARY OF TABLE 2

Construct (Trivial Name) Antiviral Titre (IU/L)
PMN39-1 2.14x107
.. 5
pJAl 6.2x10
pIA2 | 2.35x10° .
6
pJA3 2.1x10

Data from heterologous cell assays performed with crude
lysate material indicate no alteration in activity between the

pMN39-1 product and that of pJAl and pJAZ.
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Determination of =SH groups in proteins

The presence of sulfhydral groups S in the modified interferons
is determined by spectrcphotometric titration with
p-mercuribenzoate by the method of‘Boyer (1954). Boyer P.D.
(1854), J.Amer.Chem. Soc. 76,4331. This method is performed
in, for example, BM urea or 0.5 to 1% sodium dodecyl sulphate
to "unmask" buried -SH groups. Other methods based on
alkylation reactions are appropriate, e.g. use of
N-ethylmaleimide (NEM). GCregory, J.D. (1955), J.Amer.Chem.Soc.
77,3922. One can also use methods based on reactions with
disulphides e.g. 5,5'~dithiobis (2-nitrobenzoate) by tﬁe method
of ;llman (1959). 2Arch.Biochem. and.Biophys. 82,70, yielding

a chromophore which may be quantitated spectrophotometrically.

Deter@ination of -S-S5- groups in proteins
Thelmethods used for determining the sulfhydral (-SH) content
of proteins are zpplicable to the determination ¢f the (-S-S-)
disulfide (-S-S-) content, after first reducing the ~S-S-
bridges with a reducing agent. The number ¢f -S=-S- bonds may
then be deduced from knowledge cf the number of -SH groups in
the non-reduced protein relative to the total -SH content after
reducfion. For example, a method was developed by Cavallini et
al (1966), Nature 212,294 where -S-S- groups were reduced with
borohydride, and the number of -SH groups formed determined by

using the method of Ellman (ibid).
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Determination of the position of disulphide bonds

The formation of strongly acidic sulphonic éroups by the
oxidative cleavage of S-S bonds sharply changes the
electrophoretic mobility of peptides containing éysteine.
Brown and Hartley (1563,1966) (1963,Biochem.J., 89,5¢9P)
(1966,Biochem.J., 101,214) developed a method for locating S-S
bridges in proteins using "diagonal elecﬁrophoresis" of
peptides on paper. An enzymic hydrosylate is subjected to
electrophoresis at pH6.5. After drying, a strip is cut out
from the electrophcre- gram and is sewn onto a new sheet of
paper. A second electrophoresis is then carried out at pE6.5
at a2 richt angle to the direction of the first
electrophoresis. As a result, the peptideé are arranged,
according to their mobilities, along a diagonal line. If the
strip of paper cut out after the first electrophoresis is
exposed to vapours of performic acid, the peptides containing
cysteic acid formed by this treatment are located off the
diagonal. ‘By-this method, one easily identifies the peptides

that are linked in a protein by S-S bridges.

Such peptides are eluted from the paper and subjected to
amino-acid analysis and/or peptide sequencing and thus the

location of peptide bonds in the protein determined.
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Example 8

Construction of IFNXBIS, IFNX8l16, IFNX817, IFNX818, and IFNX457

The DNA nucleotide sequence and amino acid sequence of the
modified-interferons IFNXB15, 816, 817, 818, and 457 are shown
in charts 4-8. These DNA seguences are constructed from the
plasmids pJAl, pJA2, and pJA3 ﬁtilizing the methods of Examples
3, 4, 5, and 6. The modified interferons are isclated using
the methods of Example 9. Alternatiﬁely, an entire DNA
sequence specified by charts 4-8 is synthesized using the
standard genetic code indicating triplet codons and standard
phosphotriester chemistry of Exaﬁples 3, 4, and 5. Plasmids
PMN39-1, pJAl, pJA2, or pJA3 are then utilized teo péoduce thé

plasmids utilizing the method of Example €.

Example ©

Interferon Extraction and Purification

The interferons can be isclated from the producing cell by’

use of the following procedure:
Step 1. Centrifugation of broken cell preparation.

Step 2. Resuspend the pellet in 50mM Tris-Cl pH 8.0 with

three-fold w/w/ excess of SDS over protein. Add DIT
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to 100mM and warm to 95°. Hold at S5° for five

minutes.
Step 3. Centrifuge to obtain a clarified extract.

Step 4. Gel filter on a2n AcA44 column (4.4 X 60 cm) with 50mM
Tris-Cl pE 8.0, 10mM DTT, 0.5% SDS as eluent,
40ml/hr. This column size will allow the proceeds of
a nominal 10L fermentation {(at the current cell

density) to be processed in one batch.

Parenteral Administration

The modified interfercns of the present invention can be

fermulated acceording to methods well known for pharmaceutical

compositions, wherein the active interferon polypeptide is

combined in admixture with a pharmaceuticaliy acceptable
carrier vehicle, such as albumin. Remirigton's Pharmaceutical
s:ienceé by E. W. Martin; hereby incorpeorated by reference,
describes compesition and formulations suitable for delivefy of
the interferons on the present invention.

Pharmaceutical compesitions of the present invention will
contzain an effective amount of the.interferon protein together
with a suitable carrier allowing thergpeutic administration.
One mode of administration is parenteral, another mode of.

administration is nasal spray.
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Administration of the interferon composition is indicated
for patients requiring antitumor cell growth or immune
modulation, or antiviral treatment. Dosage and dose rate may

parallel those now in use in clinical trials of approximately

105 to 108 units daily. Dosages significantly below or

above these levels may be indicated in long term administration
or during acute short term treatment. It is anticipated that a

7

preferred dosage rate is 106-10 units daily for parenteral

administration.
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A modified-interferon molecule comprising the zmino acid
sequence of a first interferon with one-or more cysteine
deletions or substitutions at said first interferon
sequence positions corresponding to a second interferon's

cysteine positions.

The modified-interferon of Claim 1 wherein the cysteine
deletions or substitutions permit the formation of one or
more disulfide linkages at positions cqrresponding to the

disulfide linkages in a second interferon.

The modified-interferon of Claim 2 wherein the first
interferon is human beta interferon znd the second

interferon is a human alpha interfercn.

The modified-interferon of Claim 2 wherein the first
interferon is human alpha interferon and the second

interferon is human beta interferon.

The modified-interferon of Claim 2 wherein the first
interferon is human beta interferon and the second

interferon is human gamma interferon.
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The modified interferon of Claim 2 wherein the first
interferon is human gamma interferon and the second

interferon is human beta interferon.

The modified-interferon of Claim 2 wherein the first
interferon is a human alpha interferon and the second

interferon is a human gamma interferon.

The modified-interferon of Claim 2 wherein the first
interferon is a human gamma interferon and the second

interferon is a human alpha interferon.

The modified-interferon of Claim 3 wherein one of the beta

interferon amine acids 1 to 6 are replaced by a ctysteine.

The modified-interferon of Claim 3 wherein one cf the beta.

interferon amino acids 97 to 105 are replaced by a cysteine.

The modified-interferon of Claim 9 wherein one ¢f the beta

interferon amino acids 97 to 105 are replaced by a cysteine.

A modified-interferon of Claim 9 wherein the amino acid

sequence comprises the seqguence of IFNX 802.

A modified-interferon of Claim 1l wherein the amino acid

sequence comprises the seguence of IFNX 803.



10

5

0146413

- 44 -

14. A modified-interferon of Claim 11 vherein the amino acid

15.

16.

i7.

i1s.

is.

20.

21.

sequence comprises the segquence of IFNX 804.

The modified-interferon of Claim 8 wherein the amino acid

sequence comprises the seguence of IEFNX 815.

The modified-interferon of Claim 11 wherein the amino acid
sequence comprises the seguence of IFNX B16.
The modified-interferon of Claim 9 wherein +he amino acid

sequence comprises the sequence of IFNX 817.

The modified-interferon of Claim 11 wherein the amino acid

sequence comprises the seguence of IFNX 818.

The modified-interferon of Claim 11 vherein the amino acid

sequence comprises the sequence of IENX 457.

The modified-interferon of Claim 11 wherein a disulfide
bond is formed between a Cysteine in posiiions 1 to 6 and a

Cysteine in positions 97 to 105.

The modified-interferon of Claim 14 wherein a first
disulfide bond is formed between a Cysteine 1 to 6 and a
Cysteine 97 to 105 and a second disulfide bound is formed

between Cysteine 31 and Cysteine 141.



10

5

20

25

22,

23,

24,

25,

26.

27,

0146413

- 45 -

‘A bacterial extract comprising greater than 90% pure

polypeptide coﬁsisting essentially of the amino acid
sequence of the hybrid or modified interferons according to
any one of claims 1-21.

A pharmaceutical composition comprising a therapeutically
effective amouﬁt of a modified interferon according to any
one of claims 1-21, together with a pharmaceuticaily
acceptable diluent. -

A composition according to claim 23 suitable for parenteral
‘administration.

A bybrid or modified interferon according to any one of
claims 1-21 or a composition according to claim 23 or 24

for use in an anti-viral, anti-proliferative, anti-tumour,
immunomodulatory of immunogenic method of treatment of the
human or animal body.

A process for producing a modified interferon claimed in any
one of claims 1-21 which process comprises causing 2
microorganism, transformed with a replicable microbial
expression vehicle capable of expressing said modified
interferon and recovering said modified interferon.

A process for producing microorganisms capable of expressing
a modified interferon claimed in any one of claims 1-19
comprising: a) transforming a microorganism with a
replicable microbial expression vehiéle capable of

expressing said modified interferon and b) fermenting the

transformed microorganism,



10

28,

29,

30.
31.

33.

0146413

- 46 -

A method of stabilizing a modified interferon comprising
the creation of new disulfide bonds.

A DNA polymer comprising a nucleotide sequence that encodes
for the synthesis of the polypeptide IFNX802, IFNX803,
IFNX804, IFNXB15, IFNX816, IFNX817, IFNX818 or IFNX457.
2 plasmid containing the DNA polymer of claim 29,

The plasmid of claim 30 comérising the plasmid pJal
(ATCC 39520). '

The plasmid of claim 30 comprising thé plasmid pJa2
{ATCC 39521). .

The plasmid of claim 30 comprising the plasmid pJA3 -
(ATCC 38522).



3 o 0146413

IFNF[Tyr3 -> Cys3]

5 10 15
MET-SER-CYS~ASN~-LEU-LEU-GLY-PHE-LEU~GLN~ARG~SER-SER~-ASKR-PHE-
ATG AGC TGC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT

20 25 30
GLN=-CYS-GLN-LYS-LEU-LEU~TRP-GLN-LEU~ASN-GLY-2ARG- ~LEU-GLU-TYR~-
CAG TGT CAG AAG CTC CTG TGG CAA TTG AAT GGG AGG CTT G2A TAC

35 40 45
CYS-LEU-LYS~ASP~ARG-MET~ASN-PHE~ASP-ILE-PRO-GLU-GLU-ILE-LYS-
TGC CTC AAG GAC AGG ATG AAC TTT GAC ATC CCT GAG GAG ATT AAG

50 55 ' 60 .
GLN-LEU-GLN-GLN-PHE~CGLN=-LYS-GLU~ASP~ALA~ALA-LEU-THR-ILE-TYR-
CAG CTG CAG CAG TTC CAG AAG GAG GAC GCC GCA TTG ACC ATC TAT

65 70 75
GLU-MET-LEU-CGLN-ASN-ILE-PHE-ALA-ILE-PHE-ARG-GLN-ASP-SER-SER-
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT

80 85 90
SER-THR-GLY-TRP-ASN~GLU~THR-ILE-VAL-GLU~ASN~LEU-LEU-ALA~ASN~
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT

95 100 105
VAL-TYR-EIS~GLN-ILE-ASN-HIS~LEU~-LYS-TER-VAL-LEU-GLU-GLU-LYS~
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA

120 125
LEU- GLU-LYS-GLU*ASP—PHE—THR-ARG-GLY-LVS-L”U-MET-SER—SER—LEU-
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG

130 135 140
BIS-LEU-LYS-ARG-TYR-TYR-CLY-ARG=ILE~LEU-HIS-TYR-LEU-LYS~ALA-
CAC CTG AAR AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC

145 150 . 155
LYS-GLU-TYR-SER-E1S-CYS~ALA~TRP-TER- ILE-VAL-ARG-VAL~GLU- ILE-
ARG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC

160 165 170
LEU-ARG-ASN-PHE-TYR=-PHE~ ILE-ASN-ARG-LEU-THR-GLY=-TYR~LEU-ARG—
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA

ASN-TER-
AAC TGA

.NéCNLLGFLQRSSNFQCQKLLWQLNGRLEYCLKDRMNFDIPEEIKQLQQFQKEDAALTIY

EMLONIFAIFRODSSSTGWNETIVENLLANVYBQINHLKTVLEEKLEKEDFTRGKLMSSL
RLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN<

CHART 1



48 0146413

IENX 803

1ENplTyrS => cys®) (va1l®l o5 cystf?)

5 10 15
MET-SER-CYS-ASN-LEU-LEU-GLY-PEE~-LEU-GLN-ARG-SER-SER-ASN~PHE~
ATG AGC TGC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT

20 ) 25 - 30
GLN=-CYS-GLN-LYS-LEU-LEU-TRP-GLN-LEU=-ASN~CGLY~ARG-LEU~GLU-TYR~-
CAG TGT CAGC AAG CTC CTG TGG CAA TTG ART GGG AGG CTT GAA TAC

35 40 45
CYS-LEU~-LYS~ASP~ARG-MET-ASN-PHE-ASP-ILE-PRO-GLU~-GLU-ILE<~LYS~-
TGC CTC AAG GAC AGG ATG AAC TTT GAC ATC CCT GAG GAG ATT AAG

50 55 60
GLN-LEU-GLN-GLN-PEE-GLN-LYS~GLU~ASP-ALA-ALA-LEU-THR-ILE-TYR~
CAG CTG CAG CAG TTC CAG AAG GAG-GAC GCC GCA TTG ACC ATC TAT

65 70 75
GLU-MET-LEU-GLN-ASN-ILE-PEE~ALA~ILE-PEE-ARG-GLN-ASP-SER-SER-
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT

80 85 90
SER-THR-GLY-TRP-2ASN-GLU-TER- ILE~-VAL-GLU-ASN-LEU-LEU~-ALA~ASN=-
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT

95 100 105
VAL-TYR-EIS~-GLN-ILE-ASN-BIS-LEU-LYS-THR-CY¥S~LEU-GLU~-GLU-LYS~
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA TGC CTG GAA GAA AAA

110 : 120 125
LEU~GLU~LYS~GLU~ASP-PEE~THR~ARG~-CLY~LYS~LEU~MET-SER~SER-LEU~
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG

130 135 140
BIS-LEU-LYS=~ARG-TYR-TYR-GLY~ARG-ILE~LEU~HIS-TYR-LEU-LYS-ALA~
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG ARG GCC

: . 145 : 150 158
LYS~GLU-TYR-SER-BIS-CYS~-ALA-TRP-TER-ILE~VAL-ARG-VAL-GLU-ILE~
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC

160 165 170
LEU-ARG-ASN-PEE~TYR-PHE~ILE-ASN-ARG-LEU-TER~GLY-TYR-LEU~ARG~-
CTA AGG AAC TTT TAC TIC ATT AARC AGA CTT ACA GGT TAC CTC CG2

ASN-TER-
AAC TGA |
MSCNLLGFLORSSNFOCORLLWQLNGRLEYCLKDRMNFDI PEETRQLOQFQKEDAALTIY

EMLONIFAIFRQDSSSTGWNETIVENLLANVYHQINHLKTCLEEKLEKEDFTRGKLMSSL
"HLKRYYGRILEYLKAREYSECAWTIVRVEILRNFYFINRLTGYLRN<

CHART 2



¥ B 0146{413

JIPNX 804
IFNF[Tyr3 -> cys311cyst? -> serl?yiva1t?t -5 cysi?l;

MET-SER-CYS~ASN-LEU-LEU-GLY-PBE~LEU-GLN-ARG~SER-SER-ASN~PHE~
ATG AGC TGC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT

20 25 : 30
GLN-SER-CLN-LYS-LEU-LEU-TRP~GLN-LEU-ASN-GLY~ARG-LEU-GLU-TYR~
CAG AGT CAG AAG CTC CTG TGG CAA TTG AAT GGG AGG CTT GAA TAC

35 40 45
CYS~LEU~-LYS-ASP~ARG~MET-ASN-PHE-ASP-ILE-PRO-GLU~-GLU~ILE-LYS~-
TGC CTC AAG GAC AGG ATG AAC TTT GAC ATC CCT GAG GAG ATT AAG

50 - 60
GLN-LEU~-GLN-GLNPEE-GLN-LYS-GLU-ASP-ALA-ALA-LEU-THR- ILE-TYR~
CAG CTG CAG CAG TTC CAG AAC GAG GAC GCC GCA TTG ACC ATC TAT

65 70 75
GLU-MET-LEU-CLN-ASN-ILE-PHE-ALA~ILE-PBE-ARG-GLN-ASP-SER~SER~-
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT

80 85 80
SER-TER-GLY-TRP~ASN~GLU-THR-ILE-VAL-CLU-ASN-LEU-LEU-ALA-ASN-
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT

S5 100 105
VAL-TYR-BIS-GLN-ILE-ASN-BIS-LEU~LYS~-THR~CY¥S-LEU-GLU-GLU~LYS~-
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA TGC CTG GAA GAA AAA

110 120 125
LEU-GLU-LYS~GLU-AS P-PHE-THR~ARG~CLY-LYS~- LEU-MET—S”R-S’R-LEU-
CTG GAG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG

130 135 140
HIS-LEU-LYS~-ARG-TYR~TYR-GLY=-ARG-ILE-LEU-HIS~TYR-LEU-LYS~-ALA-
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC

145 150 ' 155
LYS-GLU-TYR-SER-BIS-CYS-ALA-TRP-TER- ILE-VAL~-ARG-VAL-GLU-ILE~
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC

160 165 | 170
LEU-ARG-ASN-PHE~TYR-PHE- ILE-ASN-ARG~ LEU-THR-GLY~TYR-LEU-ARG-
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA

ASN~-TER~-
AAC TGA
MSCNLLGFLQRSSNFQSQOKLLWQLNGRLEYCLRDRMNFDIPEEIRQLOOFOKEDAALTIY

EMLONIFAIFRODSSSTGWNE TIVENLLANVYHQINBLKTCLEEKLEKEDFTRGRLMSSL
BLKRYYGRILEYLRAKEYSHCAWTIVRVEILRNFYFINRLTGYLRN|

i .CHART 3



so 0146413

IFNXB15

17

—>se:17l

IFPN-g [88[2—>C_YS2] [cys

5 10 ‘ 15
MET-CYS=TYR-ASN-LEU-LEU-GLY-PHE~-LEU-GIN-ARG-SER-SER-ASN-PHE~-
ATG TGT TAC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT

20 . 25 30
GLN-SER-GLN-LYS-LEU-LEU-TRP-GLN-LEU-ASN-GLY-ARG~LEU-GLU-TYR~-
CAG AGT CAB AAG CTC CTG TGG. CAA TTG AAT GGG AGG CTT GAA TAC

X 35 40 45
CYS-LEU-LYS-ASP-ARG-MET-ASN-PHE-ASP-ILE-PRO-GLU-GLU~ILE-LYS~
TGC _CTC AAG BAC AGG ATG AAC TTT GAC ATC CCT GAG GAG ATT AAG

So S5 €0
GLN-LEU~ELN-GLN-PHE-GLN-LYS-GLU-ASP-ALA-ALA-LEU-THR-ILE-TYR-
CAG CTG CAG CAG TTC CAG AAG BGAG GAC GCC GCA TTG ACC ATC TAT

: 65 70 75
GLU-MET-LEU-GLN-ASN-ILE-PHE-ALA~ILE-PHE-ARG-GLN-ASP-SER-SER~
BAG ATG CTC CAG AAC ATC TIT GCT ATT TTIC AGA CAA GAT TCA TCT

' 80 85 20
SER-THR=ELY-TRP-ASN-GLU-THR~-]LE-VAL-GLU-ASN-LEU-LEU-ALA-ASN-
AGC ACT GGC TBG AAT GAG ACT ATT GTT GAG AAC CTC CTG &CT AAT

a5 100 105 .
VAL-TYR-HI S-GLN-ILE-ASN-H] S~LEU-LYS-THR-VAL-LEU-GLU-GLU-LYS~
BTC TAT CAT CAB ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA ARA

110 115 120
LEU-GLU-LYS-GLU-ASP-PHE-THR-ARG-GLY-LYS-LEU-MET-SER-SER-LEU-
CTG GAG AAA BAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG

125 _ 130 135
HIS-LEU-LYS—-ARG-TYR-TYR-BLY~ARG-ILE-LEU-HIS-TYR-LEU-LYS-ALA~
CAC CTG AAA ABA TAT TAT GGG AGG ATT CTBG CAT TAC CTG AAG GCC

140 . 145 150
LYS-GLU-TYR-SER-H1S—-CYS-ALA-TRP-THR- ] LE-VAL-ARG-VAL-GLU-ILE-
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC

155 © 160 - 165
LEU-ARG-ASN~-PHE-TYR-PHE-1LE~ASN-ARG-LEU-THR—-GLY-TYR-LEU-ARG-
CTA AGE AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA

ASN—Fkk—
AAC TGA

10 .20 - 30 L
MCYNLL GFLO-RSSNFQSGKL-LWQLNGRLEY-CLKDRMNFD1-PEETKQLOOF-

60 70 . 80 20 . 100
QKEDAALT1Y-EMLOGNIFAIF~-RODSSSTGWN-ET IVENLLAN-UYHQINKLKT -

110 120 130 140 150
ULEEKLEKED-FTREKLMSSL-HLKRYYGR I L-HYLKAKEY SH-CANT IURVE] -

e o



Im-a[serz->cyszl [cys

. 0146413

IFNX846

17y er?) [va1l®loycysl®l)

5 10 15
MET-CYS-TYR-ASN-LEU-LEU-GLY~PHE-LEU-GLN-ARG-SER-SER-ASN-PHE~
ATG TGT TAC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT

20 25 30
GLN-SER-GLN-LYS-LEU-LEU-TRP-GLN-LEU-ASN-GLY-ARG-LEU-GLU-TYR-
CAG AGT CAG AAG CTC CTG TGG CAA TTG AAT GGG AGG CTT GAA TAC

35 40 45
CYS-LEU-LYS-ASP-ARG-MET-ASN-PHE-ASP-1LE-PRO-GLU-GLU-JLE-LYS~
TGC TTC AAG GAC AGG ATG AAC TTIT BGAC ATC CCT BAG BGAG ATT AAG

50 S5 €0
GLN-LEU-GLN-GLN-PHE-GLN-LYS-GLU-ASP-ALA-ALA-LEU-THR-ILE-TYR-
.CAG CTG CAG CAG TTC €cAG AAG BGAG BGAC GCC GCA TTG ACC ATC TAT

. 65 70 75
GLU-MET-LEU-GLN-ASN-1LE-PHE-ALA-ILE-PHE-ARG-GLN-ASP-SER-SER~
BAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT

80 85 . 4]
SER-THR=-GLY-TRF-ASN-GLU-THR-ILE-VAL-GLU-ASN~LEU-LEU-ALA-ASN-
AGC ACT GGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT

s 100 185
VAL~TYR-HI S-GLN~ILE-ASN-HI S~LEU-LYS-THR-CYS~LEU-GLU-GLU-LYS~
BTC TAT CAT CAG ATA AAC CAT CTG AAG ACA TGC CTG GAA GAPA AAA

110 © 115 ¥4
LEU-GLU-LYS~-GLU-ASP~PHE-THR-ARG-GLY-LYS-LEU-MET~SER-SER-LEU- -
CTG GAG AAA GAA BGAT TTC ACC AGG GGA AARA CTC ATG AGC AGT CTG

- 125 130 135 ..
H1S-LEU-LYS-ARG-TYR=TYR~GLY-ARG-ILE-LEU-HIS-TYR-LEU-LYS-ALA~
CAC CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC

: 140 145 150
LYS-GLU-TYR-SER-HI S-CYS-ALA-TRP-THR~1LE-VAL-ARG-VAL-GLU-]ILE~
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC

155 - 160 | 165
LEU-ARG-ASN-PHE-TYR-PHE-1LE-ASN-ARG-LEU-THR-GLY-TYR-LEU-ARG~-
CTA AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA

ASN-Fkk~
AAC TGA

i0 -- 20 30 . 40 =0
MCYNLLGFLQ-RSSNFQSQKL-LWOLNGRLEY~CLKDRMNFDI-PEETKQLQQF -

€0 70 80 90 . 100
QKEDAALTIY-EMLONIFAIF-RQDESSTGWN-ET IVENLLAN-VYHQINHLKT-

lio 120 130 140 150
CLEEKLEKED-FTRGKLMSSL-HLKRYYGRI L-HYLKAKEYSH—CAN'I’I\{RUEI-
- ¢ : . :

160
LRNFYF INRL-TGYLRN(
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S . 10 15
MET-CYS-TYR-ASN-LEU-LEU-GLY~-PHE-LEU-GIN-ARG-SER-SER-ASN-PHE~-
ATG TGT TAC AAC TTG CIT GGA TTC CTA CAaAa ABA AGC AGC AAT TTT

IFR-g[ser

20 25 ’ 30
GLN-CYS-ELN-LYS-LEU-LEU-TRP-GLN-LEU-ASN-ELY-ARG-LEU~-GLU-TYR~
CAG TGT CAG AAG CTC CTG TGG CAA TTG AAT BGG AGGE CTT GAA TAC

. o ® 35 . 40 45
CYS-LEU-LYS-ASP-ARG-MET-ASN-PHE-ASP-ILE-PRO-GLU-GLU~ILE-LYS-
TGBC CTC AAG GAC AGG ATG AAC TTT BAC ATC CCT GAG GAG ATT AAG

- S0 S5 60
GLN-LEU-GLN-GLN-PHE-GLN-LYS-GLU-ASP-ALA-ALA-LEU-THR-ILE-TYR~
CAG CTG CAG CAG TTC CAG AAG GAG GAC GCC GCA TTG ACC ATC TAT

. €S 70 75
GLU-MET-LEU-GLN-ASN-]LE-PHE-ALA-ILE-PHE-ARG-GLN-ASP-SER~SER-
GAG ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT

80 85 . S0
SER~THR=~BLY-TRP-ASN~GLU-THR-]LE-VAL-GLU-ASN-LEU-LEU-ALA-ASN=-
AGC ACT GGC TGG AAT GAG ACT ATT EGTT BAG AAC CTC CTG &CT AAT

95 ipo 105
VAL-TYR-HIS—GLN-ILE-ASN-HIS-LEU-LYS-THR-VAL-LEU-GLU-GLU-LYS~
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA GTC CTG GAA GAA AAA

110 115 120
LEU-6LU-LYS~GLU-ASP-PHE~-THR-ARG-GLY-LYS-LEU-MET-SER-SER-LEU-
CTG GAG AAA GAA GAT TTC ACC AGG GBA AAA CTC ATG AGC AGT CTG
: 125 130 135
HIS-LEU-LYS-ARG-TYR-TYR-GLY-ARG-1LE-LEU-HI S-TYR-LEU-LYS-ALA~
CAC CTG AAA ABA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC

140 145 150
LYS-GLU-TYR-SER-HI S-CYS-ALA-TRP-THR-I1LE-VAL-ARG-VAL-GLU-]LE-
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC
155 160 - .- . © 165
LEU-ARG-ASN-PHE-TYR-PHE-ILE-ASN-ARG-LEU-THR~GLY~-TYR-LEU-ARG~
CTA 666G AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA

ASN=-%*¥k=~
AAC TGA

10 20 . 30 40- . s0
MCYNLLGFLO-RSSNFQCOKL-LINOLNGRLEY-CLKDRMNFD1-PEE1KQLOQF -

60 720 ... 80 of ioo’
QKEDAALT1Y-EMLONI FAI F-RQDSSSTGWN-ETIVENLLAN-VYHQINHLKT-

110 120 130 140 " 150
ULEEKLEKED-FTRGKLMSSL-HLKRYYGRIL~HYLKAKEYSH-CANT [URVE] ~
160



cy 0146413

IFNXB18

I?N°alser2->cy52] [va:l“l—>cysul]

s 10 15
MET-CYS-TYR-ASN-LEU-LEU—GLY-PHE-LEU—GLN-ARG -SER-SER-ASN-PHE-
ATG TGT TAC AAC TTG CTT GGA TTC CTA CAA AGA AGC AGC AAT TTT

20 25 30
GLN-CYS-GLN-LYS-LEU-—LEU-TRP GL.N-LEU-ASN-GLY—ARG-LEU—GLU—TYR—
CAG TGT CAG AAG CTC CTG TGG CAA TTG AAT GGG AGG CTT GAA TAC

- 35 n .. 40 . 45
TYS-LEU-LYS-ASP-ARG-HMET-ASN-PHE-ASP-1LE~PRO-GLU-GLU-1LE-LYS~
TGC CTC AAG BAC AGG ATG AAC TTT GAC ATC CCT GAG GAG ATT AAG

. 90 . SS €0
GLN—LEU-GLN-GLN PHE-CLN-LYS—GLU-ASP'ALA—ALA-LEU-THR-lLE-TYR-
CAG CTG CAG CAG TTC CAG AAG BGAG GAC GCC GCA TTG ACC ATC TAT

6S 70 . ) 75
GLU-MET-LEU~-GLN-ASN-I1LE~PHE-ALA~ILE-PHE-ARG-GLN-ASP-SER-SER~
6AG ATG CTC CAG AAC ATC TTIT GCT ATT TTC AGA CAA GAT TCA TCT

* 80 85 S0 .
SER~-THR-GLY-TRP-ASN-GLU-THR-1LE~VAL -GL U-ASN-LEU~-LEU~ALA~ASN~- -
AGC ACT GGC TGG AAT GAG ACT ATT GTT BAG AAC CTC CTG BCT AAT

5 100 105
VAL=TYR-HIS-GLN-1LE-ASN-HI S~LEU-LYS-THR-CYS-LEU-GLU-GLU-LYS-
GTC TAT CAT CAG ATA AAC CAT CTG AAG ACA TGC CTG GAA GAA AAA

110 115 120
LEU-GLU-LYS~GLU-ASP-PHE-THR~-ARG-GLY-LYS~LEU-MET~-SER-SER-LEU-
CTG GAG AAA GAA BAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG

125 130 . 135
HIS-LEU-LYS-ARG~TYR~TYR-GLY~-ARG-ILE-LEU-HI S=TYR-LEU-LYS-ALA-
CAC CTG AAA AGA TAT TAT GGG AGGE ATT CTG CAT TAC CTG6 AAG GCC

140 145 150
LYS-GLU~-TYR-SER-HI S-CYS-ALA-TRP~THR-ILE-VAL-ARG-VAL-GLU-11 E~
AAG GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGAR GTG GAA ATC

155 - 160 165
LEU-ARG-ASN=-PHE=TYR~PHE—1LE-ASN-ARG-LEU-THR-GLY-TYR-LEU-ARG~
CTA ABG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA

ASN-F k-
AAC TGA

10 20 30 40 - S50
MCYNLLGFLQ-RSSNF QCOKL=LWQLNGRLEY-CLKDRMNFDI-PEE] KQLOOF-

60 70 . - 80 - o " 100
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CLEEKLEKED-FTRGKLMSSL-KHLKRYYGRJ L~HYLKAKEYSH-CANT JVRVEI -

160
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5 10 15
MET-CYS-ASP-LEU-PRO-GLN-PHE-LEU-GLN-ARG-SER~SER-ASN-PHE-GLN-
ATG TGC GAC TTA CCA CAA TTC CTA CAA ABA AGC AGC RAT TTT CAG

IPN-R [Im—az—'i-)IFH-uzl-S] [cys

20 - 25 30
SER-GLN-LYS-LEU-LEU-TRP-GLN-LEU-ASN-BLY~ARG-LEU-GLU-TYR-CYS-
.TCT CAG AAG CTC CTG TGG -CAA TTG AAT GGG AGG CTT GAA TAT TGC

35 . 40 45
LEU-LYS-ASP-ARG-MET-ASN-PHE-ASP~ILE-PRO~-GLU-GLU-ILE-LYS-GLN~
CTC AAG BAC AGG ATG AAC TTT BGAC ATC CCT GAG GAG ATT AAG CAG

50 55 - €0
LEU-BLN-GLN-PHE-GLN-LYS~GLU-ASP-ALA-ALA-LEU-THR-I1LE-TYR-GLU~
. CTG CAG CAG TTC CAG AAG GAG GAC GCC GCA TTG  ACC ATC TAT GAG

€5 70 - T . 75
MET-LEU-GLN-ASN-I L E-PHE-ALA—-1 LE-PHE-ARG-GLN-ASP-SER—-SER-SER~
ATG CTC CAG AAC ATC TTT GCT ATT TTC AGA CAA GAT TCA TCT AGC

80 85 - 20
~ THR-GLY-TRP-ASN-GLU-THR~ILE—VAL-GLU-ASN-LEU-LEU-ALA-ASN-VAL~
" ACT BGC TGG AAT GAG ACT ATT GTT GAG AAC CTC CTG GCT AAT GTC

SS ioo 105
TYR=-HI S—GLN~ILE-ASN-HIS~LEU-LYS~THR—CYS -LEU-GLU-GLU~-LYS-LEU-~
TAT CAT CAG ATA AAC CAT. CTG AAG ACA TGC CTG GAA BAA a”A CTG

110 115 120
GLU~LYS—-GLU-ASP-PHE-THR-ARG-GLY-LYS-LEU-MET-SER-SER-LEU-HIS~
- BABG AAA GAA GAT TTC ACC AGG GGA AAA CTC ATG AGC AGT CTG CAC

125 ’ 130 135
LEU-LYS-ARG-TYR-TYR~GLY-ARG-ILE~-LEU-HI S-WR-LEU-LYS-ALA—LYS-
CTG AAA AGA TAT TAT GGG AGG ATT CTG CAT TAC CTG AAG GCC AAG

140 145 150
. BLU-TYR-SER-HIS-CYS-ALA-TRP-THR-1LE-VAL-ARG-VAL-GLU-1LE~-LEU~
GAG TAC AGT CAC TGT GCC TGG ACC ATA GTC AGA GTG GAA ATC CTA

. 155 160 165
"ARG-ASN-PHE-TYR~PHE-1LE-ASN-ARG-LEU-THR-GLY~TYR~-LEU-ARG~-ASN-
AGG AAC TTT TAC TTC ATT AAC AGA CTT ACA GGT TAC CTC CGA AAC

Fokd -
TGA
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SUMMARY FLOWCHART - FORMATION OF IFNX80| , X803, X804

177

IFN-3
Tyr C{s v‘f‘
i
3 17 10t
IFNX802
Cys Cys Vali
1 1 ]
| 3 17 1ol
IFNX803
ClyS C.>|'5 C),:s
3 17 10!
IFNX804
Cys Selr C'ys
{
3 17 101

FIG. |
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RESTRICTION MAP, CONSTRUCTION I
REPLICATIVE FORM SIZE 8.4kbp

EcoRI HindIII
ewvull

FIG. 2
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RESTRICTION MAP, CONSTRICTIONS II-V
REPLICATIVE FORM SIZE 8 kbp.

EcoRI  HindIII

APPLICABLE TO MI3-4AB.00
MJA]
MJA2
MJA3

FIG. 3
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SITE DIRECTED CHANGES

. Amino Acid 3. Human IFN-B, Tyr -> Cys

Product IFNX80Z (HuIFN-8(Tyr> —> Cys?))

| 3 5
Met Ser Tyr Asn  leu’
Original Seguence 5' Tce ATG AGC  TAC ,?gc. e 3
_ ‘ -
Primer 3¢ TAC Tc6 ACC TT6 A 5
New Sequence JCC ATEG AGC T(_-:-_c AAC  TTG
Cys



SITE DIRECTED CHANGES

2. Amino Acid |0].

Product IFNX803

0146413

Human IFNY802, val -» Cys

(HUIFN-B(Tyr® -5 Cys3) (val 101 ., Ccys'®hyy

o8
Leu

. 100
Lys Thr

Original Sequence 5' CT6 AAG ACA

Primer AC

New Sequence CcTC

TTC TGT
AAG ACA
FIG. 5

Val
GTC
ACG

TG6C
Cys

(02
Lev

CTG

GAC

CTG

Glu (E‘:l}j
GAA  GAA
T C

GAA  GAA

5’
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SITE DIRECTED CHANGES

3. Amino Acid 7. Human IFNXBO3 Cys -> Ser
Product I1FNX804

(HUIFN-B(Tyr> -> Cys>) (val 'O - cys'@h (Cys'7 -> Ser!T))

I3 15 17
Ser Asn Phe Gin C(Cys Gin

Original Sequence 5' AGC AAT TTT CAG TeT CAG 3

Primer G TTA AAA GIC TCA GTC &

New Sequence AGC™ AAT TTT CAG . AGT CAG
Ser
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=}
~
-}

RESTRICTION MAP, CONSTRUCTIONS VI, VII, V11l

PLASMID 3.92 Kkbp.

EcoRI  HindIIT

APPLICABLE TO PMN39-}
PJIAI
PJA2
PJA3

FIG. 7
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